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Attivita

* sviluppo di generatori di eventi per eventi di
diffusione elettrone-nucleone ed elettrone-nucleo

* studio delle potenzialita di un rivelatore a tempo
di volo per l'identiticazione di particelle a EIC

 attivita propedeutiche per futuri contributi agli
studi di fisica e rivelatori

* costruzione del programma di spettroscopia
adronica a EIC
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EIC Software Group

The aim is to: em—
. { |
* Support EIC PhySICS and DeteCtOr ~ Markus Dlefenthaler(EIC Jefferson L '
Conceptual Development / Yellow Report Torre Wenaus (Brookhaven Lab)

« Be ready for kick-off meeting in late 2019

Following the mandate to create a workflow
environment for EICUG:

 fast and full simulation tools current focus:
common Geant4 infrastructure with flexible

accelerator and detector interface

« documentation tutorials and website in
preparation

* support team being build up

BROOKHFIAVEN Jeffe-r:son Lab

% UNIVERSITA
NATIONAL LABORATORY o— d

EGLI STUDI DI TRIESTE
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EIC Software Group

covering all aspects

Simulation of physics processes

Simulation of detector responses

Physics analysis

Roberto Preghenella 4



EIC Software Group

covering all aspects

Simulation of physics processes Monte Carlo Event Generators

Simulation of detector responses

Physics analysis
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Organizzazione Workshops
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Workshop organized
within the
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Software \ﬂ
| Meeting

I May 20-21, 2019

e EIC Software
Consortium

e EIC Software Working
group (co-chair)

February 20-22, 2019
DESY Hamburg, Germany

o ot este, Italy | " 4
EIC User Group and MCnet present - “,., t_”' - .7 - it
. i3 N — I ' -
To discuss the needs of / ¥ :
both upgrades for MC S el ey
© EICUG Sc ‘A‘c-uiv\g Group as well as members from the HEP commwnity. The meeting

will also include & joint session with the INFN School on “Maching loarning in High Encrgy

Event generators and for future ep and eA facilities s i el o S0
s 2 i ’ 'SE | "‘ . 1
ﬂeedS Of Im proved PROGRAM ORGANIZERS —

Organizers: . :
dates 1o goneral purpose MCEG for op /oA o imon Pat
3 " s g Andrea Bressan (INFN Triee* ,, sarkus Diefenthaler (JLab|, Alexander Kiselov (BNL) &
. . Status of NLO simwlations for ep/eA Androa Bressan ONFN Trigs1a) Stefan Prestel (Lund Universty
ete Ctor Sl I I l u atl O nS GPDs and TMDs n MCEGs Marious Diaferthalor JLAB

QED+QCD eMects in ep/eA simulations Hanses Jurg (DESY For More Information

ttps.//agenda.infn.it/event/1724

www.desy.de/mceg2019

https://indico.desy.de/indico/event/22030/ https://agenda.infn.it/event/17249/
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Organizzazione Workshops

- MCEG for future ep and eA facilities
- Dates November 5-7 2019

- Location Lrwin Schrodinger International
Institute tor Mathematical Physics In

(ESI)
- Agenda

We would like to focus the discussion

ont

ne simulation of eA processes

but also follow up on the previous

WOr

<shop (TMD MCEG, validation of

ep simulations with HERA data).
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EIC Software Group

covering all aspects

Simulation of physics processes

Simulation of detector responses M

Physics analysis

Roberto Preghenella 8



EIC Software Meeting =

status review on common GEANT4 framework

- EIC Software Meeting

24TH GEANT4 COLLABORATION MEETING

chaired by Andrea F ressan (INFN Trieste), Markus Diefenthaler (Jefferson Lab), Alexander Kiselev (BNL), Torre Wenaus (BNL)

T-Ilday, 24 September 2019 from 08:00 to 21:00 (UTC)
at CEBAF Center ( F324-325)

CEBAF Ce Building 12) 12 A

Description On Tuesday, September 24, an EIC Software Meeting will be held at Jefferson Lab. We will review the status of the
simulation tools for the EIC and will continue the work from the EIC Software Meeting on July 10 on a common
Geant4 infrastructure for the EIC that will allow geometry exchange between the eRHIC and JLEIC concepts and is
compatible with existing simulations tools. The meeting will be in parallel to the 24th Geant4 International Meeting
and end with a Geant4 Technical Forum on the EIC.

(GEANT

A SIMULATION TOOLKIT

The U.S. Department of Energy requires all non-U.S. citizens to provide government-issued picture identifcation,
i.e. green card, passport, visa, and U.S. Citizenship and Immigration Services information before entry to Jefferson

2 . A . Date:
Lab. Please contact Markus Diefenthaler (mdiefent@jlab.org) for an invitation letter. September 23, 2019 to September 27, 2019

Remote access will be available via BLueleans: https://bluejeans.com/920347364
Conference location:

Thomas Jefferson National Accelerator Facility
12000 Jefferson Avenue
Newport News, VA, 23606 USA

Material: | visiting Jefferson Lab

Tuesday, 24 September 2019

08:30 - 10:00 EIC Software
08:30 Requirements and status of write-up 45’
09:15  Status of common simulation tools and next steps 45'

10:00 - 10:30 Coffee break

10:30 - 12:00 Common Geant4 Infrastructure
10:30  Discussion: Detector naming conventions 45’
11:15  Discussion: C++ infrastructure 45’

12:00 - 14:00 Lunch (on our own)

14:00 - 15:30 EIC Software Initiatives

15:30 - 16:00 Coffee break

16:00 - 18:00 Technical Forum on EIC

19:00 - 21:00 Dinner (on your own)
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Attivita propedeutiche

obiettivi e gruppi coinvolti

* Obiettivi
— acquisire competenze per utilizzare gli strumenti software
di simulazione per studi EIC (fisica e rivelatori)

— sequire evoluzione del gruppo software internazionale
(EICUG-SWG)

— preparazione per studi mirati nel prossimo anno

* Gruppi coinvolti

— Bari (D. Elia, A. Mastroserio, G. Volpe)
— Bolognha  (F. Noferini, R. Preghenella)

— Torino (M. Chiosso, M. Ruspa)

— Jrieste (A. Bressan)
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Attivita propedeutiche

contattl con comunita internazionale

 EICUG Software Working Group
— riunioni mensili da remoto
— EIC Software Meeting (Trieste, May 2019)
— E|C Simulation Tutorial  (Paris, Jun 2019)

* Workshop su fisica e generatori

— The Spectroscopy program at EIC (Trento, Dec 2018)
— MCEG for future ep and €A facilities  (DESY, Feb 2019)
— MCEG for future ep and €A facilities  (Vienna, Nov 2019)
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Attivita propedeutiche

punti di indagine e prime esperienze

 Generatori Monte Carlo

— Pythia6, Pythia8, RAPGAP (more as per needs)

— supporto per compilazione codice (Docker containers)
— configurazione e selezione processi di fisica
— interfaccia con PDE sets (LHAPDF)

— interfaccia I/O con simulazione (HepMC)

e Simulazione

— esperienza positiva con fast simulation (Delphes)

— da investigare strumento comune EICUG (eicsmear)

— segquire sviluppi EICUG-SWG per simulazioni GEANT4
— possibile sviluppo per utilizzo GEANT4 ad-hoc

Roberto Preghenella
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Simulation tools at work

PYTHIA 6.4.28

event generation

LHAPDF6
PDF sets

Roberto Preghenella

HepMC2
data I/0

Delphes

fast simulation

GEANT4

full simulation

ROOT

data analysis
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Study different TOF layouts

400 cm R
200 cm o< 200 cm
b-TOF £
5 s
ol | e B=0T e |
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h-RICH
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300 cm
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e-TOF _ _ several potential configurations studied
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h-TOF1 | | space and physics (n — x) coverage

h-TOF2
h-TOF2+

h-TOF2+ extension with 3 additional

20 ps layers at high-n for higher p
Roberto Preghenella 14




TOF performance

h-TOF2 examp| e charged-particle flux identification efficiency
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Kaon purity

synergy: TOF+RICH for combined particle ID

LHCb RICH1
(n=1.0014)
nt threshold
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proton contamination

LHCb RICH1
(n=1.0014)
K threshold
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> 90% purity up to 9.5 GeV/c
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Studi per RICH

strumenti comuni allo studio TOF, simile layout

P=10GeV/ceB=2T=>R.=17m
400 cm

£ )
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Studi per RICH

produzione di adroni carichi primari (1, K, p)

PYTHIA 6.4.28
e-p collisions
M VS p - primary pion 20+250 GeV

500k events => primary charged hadrons (*)

<N_.> =74
10° 7T ev
<N >.=1.1
_ p- ev
hEtaP_pion 102
Entries 3715155
Mean x 6.673 < NK>EV = 1
Mean y 0
RMS x 12.68 . . .
RMS y 10 (*) within 1 cm from the interaction vertex
0 10 20 30 40 50 60 70 80 90 00 n vs p - primary kaon
1 VS p - primary proton - hEtaP_kaon
Entries 494291
Mean x 8.265
Ny LY RS e v e RTI ~ 720 i Meany of
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10?
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-10 10
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Studi per RICH

accettanza geometrica

PYTHIA 6.4.28
e-p collisions
20+250 GeV

X-Y Richin
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n vs p InAndOut

=10

Entries 220682

-2

10 20 30 40 50
p (GeVic)

Per particle species
-> see next slide
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Studi per RICH

accettanza geometrica

X-Y InAndOut
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20



PYTHIA 6.4.28
e-p collisions
20+250 GeV

M Vs p - primary kaon

Studi per RICH

diverse configurazioni di fascio a confronto

hEtaP_kaon

Entries
Mean x
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90 10
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Roberto Preghenella

4dRICH

full GEANT4 simulation
with optical physics
B =2 T solenoidal field

Nno other materials so far

dual-radiator forward
RICH concept

with precision timing
Sensors

a preliminary study
still work In progress

testing possible ad-hoc tools
while waliting for common
EICUG-SWG tools

warming up for more
realistic detector studies
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1.3<n<3.0

AP/

focusing mirrors (100% reflectivity)
side mirrors (100% reflectivity)

sensors (realistic PDE, ot = 100 ps)

Roberto Preghenella

4dRICH

2 m gas radiator (n = 1.00082)
4 cm aerogel radiator (n = 1.02)

N

full GEANT4 simulation
with optical physics
B =2 T solenoidal field

Nno other materials so far

dual-radiator forward
RICH concept

with precision timing
Sensors

a preliminary study
still work In progress

testing possible ad-hoc tools
while waliting for common
EICUG-SWG tools

warming up for more
realistic detector studies
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focusing mirrors (100% reflectivity)
side mirrors (100% reflectivity)

b
7

sensors (realistic PDE, ot = 100 ps)
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4dRICH

2 m gas radiator (n = 1.00082)
4 cm aerogel radiator (n = 1.02)

PYTHIA 6.4.28
e-p collision
10+100 GeV




~60k SiPM 3x3 mm2 per sector (0.5 m2)

~10kHz dark count rate (100kHz / sensor)

realistic single-photon PDE
100 ps single-photon resolution
10 ns readout snapshots
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~60k SiPM 3x3 mm2 per sector (0.5 m2)

~10kHz dark count rate (100kHz / sensor)
realistic single-photon PDE
100 ps single-photon resolution
10 ns readout snapshots
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Interessi e casi di fisica

interessi comuni /o trasversali

« misura inclusiva di adroni carici identificati

— Particle ldentification
— su un largo range di impulso con TOF+RICH

* ricostruzione di adroni rari
— j.e. decadimentoa 3 corpi\c = p K
— fondo combinatorio significativo
— identificazione con/senza topologia vertice secondario
— migliorare la significativita statistica con PID

e spettroscopia adronica
— stati esotici a multi-quark / gluoni
— heavy quarks nella materia nucleare

* fisica diffrattiva
— funzioni di struttura diffrattive

Roberto Preghenella
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1 1.noPID

1 eeeeeeo AL reconstruction oL
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1 1.noPID
| 2.inclusive 3o TOF PID (veto)
~ | 3.ideal PID (from MC truth)
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Spettroscopia adronica =

building the hadron spectroscopy community

*
furts ECT* {w

EUROPEAN CENTRE FOR THEORETICAL
STUDIES IN NUCLEAR PHYSICS AND RELATED AREAS

TRENTO, ITALY
¢ Institutional Member of the European Expert Committee NUPECC

Goals

Demonstrate a strong physics case for a
hadron spectroscopy program at EIC

(to be part of the next EIC physics book)
Study the impact on EIC design (machine
and detectors)

Castello di Trento (“Trint™), watercolor 19.8 x 27.7, painted by A Durer on his way back from Venice (1495). British Museum,

The Spectroscopy Program at EIC and Future Accelerators WO r k| N g g rou p S

Trento. December 19-21, 2018

Main Topics
- Muitiquark Spectroscopy
- Gluonic States
- Diffractive production
- Interaction of Heavy Flavor with media

Multiquark & Gluonic states
conveners: F.K. Guo, R. Mitchell
o o) e e ) et 3 Ut T T Diffractive production
conveners: W. Schafer, R. McNulty
e - Heavy flavor in media
B il s S DN conveners: C. Weiss, G. Bruno

funding agencies of EU Member and Associated States and has the support of the Department of Physics of the University of Trento.

Organizers
M. Battaglieri (INFN Genova), A. Pilloni (JLab & ECT®), A Saczepaniak (ndiana Univ. & JLab)

For local organization please contact: Susan Driessen - ECT* Secretariat - Villa Tambosi - Strada delle Tabarelle 286 - 38123 Villazzano (Trento) - Italy
Tel [(+39-0461) 314722 Fax (+39-0461) 314750, E-mail: driessen@ectstar en or visit hitp-//'www_ectstaren
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Spettroscopia adronica =

new states to be confirmed

f(3872) as a new state% .

'A. Guskov

m%3372) = (3860.0%x10.4) MeV/c?
I')3872) <51 MeV/c? (CL=90%)
Significance (including systematics) is 4.1o

c=-1 (?) N
I | At COMPASS conditions:
3 sl | ouN =~0oyn / 300
| G 10F |
| 8 gE | EIC L=1034 cm-2 s-1
| S 6F : ~
g 2F L # A T T T8 T g S e T — e Jlyn*n n*N' - e ptpnta ntN
3.4 3.6 3.8 4 4.2 4.4 4.6 4.8 9
My, ... [GeV/c] ~10 events per day

Inclusive prompt cross section
Br[X — J/yrT7n7]o(X(3872),Q% > 1 GeV) ~ 2.6 pb /5 =100 GeV

Luminosity: 10°% cm 25! 0.026 Br*X(3872) per second X. Yao
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Spettroscopia adronica

opportunities with open heavy flavor

Stopping power of Cu for u-

'_1-_,}-._

Bethe-Bloch Radiative

Ziegler

Radiative Radiative
Minimum  effects <4~ losses
ionization reach 1% 3

Stopping power [MeV cm?/g]

Without &

100 1000
By

(1 10 100,
[GeV/c]
Muon momentum p
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Conclusioni

 attivita dei gruppi italiani su molti fronti e in crescita
— presenza importante (co-chair) nel EICUS-SWG
— partecipazione e aggiornamento costante

» strumenti di studio interni e comuni a EICUG-SWG
— esperienza positiva e risultati con simulazioni Monte Carlo
— supporto ai contributi INFN su hardware / fisica

e Interessi e contributl a studi di fisica in costruzione

— programma spettroscopia adronica
— fisica diffrattiva
— interessi trasversali su PID e heavy flavours
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